, May 2013 for Dangshan County in Anhui Province. Analysis and data extraction was carried out using the ENVI 5.0 software. Normalized values of thermal radiation brightness temperature and surface brightness temperature were inverted from the bi-temporal thermal infrared band images using the mono-window algorithm. Urban heat island effect in Dangshan County was divided into strong green island zone, green island zone, normal zone, heat island zone and strong heat island zone according based on arithmetic progression. Using regression analysis, quantitative relationship between NDVI and the heat island effect was determined. Results showed an acceleration in urbanization of Dangshan County over the years resulted in a gradual increase in the heat island effect from 2000 to 2013. In addition, area of the heat island and strong heat island increased was observed to increase rapidly, while the area of the green island and strong green island reduced by 46%. Also, using the Markov model, urban heat island effect in Dangshan County was predicted over the next 40 years. This model was feasible in predicting the urban heat island effect with small errors. Finally, it was determine that heat island effect was in negative correlation to the vegetation index (NDVI), and increasing green land appropriately would have a positive effect in alleviating the urban heat island effect.
INTRODUCTION
With the increasing rate of urbanization over the recent years, urban heat island effect, where the temperatures are significantly higher in comparison to the surrounding rural areas has become increasingly common phenomenon [1] [2] [3] . Socio-economic development, air quality, public health and living environment are affected to the higher temperatures [1] [2] [3] . As a result, research on urban heat island effect has gained momentum and has received considerable attention [1] [2] [3] .
Traditional methods of research rely on analysis of observed temperature data provided by the ground weather stations; However, solely based on this data it is difficult to understand spatial distribution for the urban heat island [1] [2] [3] [4] [5] .
Alternatively, remote sensing technology can be used to map the spatial temperature distribution for an urban environment. This method allows for fast, accurate, real-time, efficient, and short cycle monitoring of the urban heat island effect. Due to the unique advantages of this method, it has become the primary method in the study of the urban heat island effect [6] [7] [8] . The combined use of thermal infrared image and remote sensing technology is popular among researchers worldwide conducting research on the urban remote sensing particularly focused on the study of heat island effect. In 1972, Rao [9] first demonstrated the use of satellite remote sensing images to study the urban heat island effect. Carnahan and Larson [10] used the Landsat TM thermal infrared band images to study surface temperature characteristics for Indianapolis. Tran et al. [11] used Modis and TM data to analyze thermal field images for Tokyo, Beijing, Shanghai, Seoul, Pyongyang, Bangkok, Manila and Ho Chi Minh. Zhou et al. [12] analyzed the distribution regularity of the urban thermal field in Shanghai using remote sensing and geographic information systems (GIS). Zhao [13] monitored and analyzed heat island effect for Kunming, China using the remote sensing images. Qin et al. [14] proposed a novel single window algorithm for surface temperature used images from TM6 to invert surface temperature.
Over the recent years, research efforts in China have focused on urban heat island effect for large cities such as Beijing, Xi'an, Chongqing, Suzhou, Changsha, Zhengzhou, Hefei, Dongying, and Xuzhou [15] [16] [17] [18] [19] [20] [21] [22] [23] . In these cases, prefecture-level and above was selected as the study area for the cities. It is important to note that very few reports in literature focus on the heat island effect of the entire County. Moreover, a majority of the data used in these studies were based on Landsat This is because, inversion process of surface temperature can be largely influenced by many factors, such as atmosphere and surface emissivity. Calculation of the relevant parameters is not trivial and the accuracy cannot be guaranteed. Although, magnitude of surface temperature and brightness temperature were not equal, correlation between the two parameters was high.
Moreover, brightness temperature contains more relevant information related to the atmosphere than the surface temperature. As a result, spatial distribution of the brightness temperature fits spatial distribution of the surface temperature and can be effectively used to reflect the heat island effect [19] [20] . In this paper, only brightness temperature was inverted as it follows a similar trend of the real surface temperature. Inversion for brightness temperature is carried out according to eq. (1), which is provided by the Landsat official website. Gray value data numbers (DN) for band 6 of the Landsat ETM + (band 10 or 11 for Landsat 8) image correspond to a brightness value of L. Then, according to the eq. (2) illustrates the inversion of corresponding brightness temperature from thermal radiation brightness value [19, 25, 27] . The conclusions of this would not be valid, if the urban heat island effect is directly contrasted based on data obtained using inversion brightness temperature as the four images obtained at different times. Brightness temperature normalized between 0 and 1 to eliminate the impact of the imaging time and make the heat island effect more comparable. Brightness temperature was normalization is given by [24] :
Where, N is the i-th pixel normalization value of the brightness temperature for the thermal infrared band image, T i is brightness temperature of the i-th pixel, T min is minimum value of the Dangshan County from 2000 to 2013, the urban heat island effect has become more prominent and obvious. Area of the heat island zone and the strong heat island zone were found to have increased. A huger reduction in area of up to 46% was seen for areas of the green island zone and strong green island zones. 
IV. PREDICTION OF HEAT ISLAND EFFECT BASED ON MARKOV MODEL
Markov model is a random and time-series prediction model, which is based on probability Gang Fang, PREDICTION AND ANALYSIS OF URBAN HEAT ISLAND EFFECT IN DANGSHAN BY REMOTE SENSING [26, 28] , and can be expressed as：
Where, S (k) is the state quantity of the prediction object at time t=k, P is the transition probability matrix, S (k+1) is the state quantity of the prediction object at time t=k+1 (generally refers to the prediction results). This model has been widely used in geosciences, especially in the land-use change and urban expansion, but has been rarely used in the heat island effect analysis. After normalizing brightness temperature for the 6th band of Landsat ETM + and 10th band of Landsat The Markov model could be considered to be feasible to predict urban heat island effect, the Markov model was used to accurately predict urban heat island effect with low error and results
were found close to the actual monitored value. The urban heat island effect in Dangshan County was predicted over the next 40 years by the Markov model, the prediction results show that the area of the normal zone, green island zone and strong green island zone in Dangshan County from 2013 to 2052 would decrease every year. Area of strong heat island zone and heat island zone will increase every year. As a result, it has become increasing important to take effective measures to reduce the urban heat island effect.
